The fundamental band gap of InN has been thought to be about 1.9 eV for a long 
Introduction
InN is a very attractive material for future optical and electronic devices. This is because of its outstanding material properties such as smallest effective mass, largest mobility, highest peak and saturation velocities, and smallest direct band gap in nitride semiconductors.
However, until now, InN has been the least studied of nitride semiconductors. This is mainly due to the difficulty in obtaining highquality InN crystals, which is due to the low dissociation temperature, high equilibrium vapor pressure of nitrogen molecules and the lack of suitable substrates for InN.
Studies on InN started in the beginning of the 20th century with an attempt to grow bulk InN from a melt. 1) The attempt was not successful because of the low dissociation temperature and high vapor pressure of nitrogen molecules.
2)
The next step in growing InN moved beyond the equilibrium approach to the nonequilibrium approach using various substrate materials by various growth methods including DC, RF, and magnetron sputtering. [3] [4] [5] The InN films obtained by these methods in the 1970s and 1980s were all polycrystalline, some with an aligned orientation along the c-axis; the films also contained an extremely high defect density.
The physical parameters of InN were determined using these crystals. The first estimated direct band gap was about 1.9 eV. 6) However, other studies reported values ranging from 1.7 to 3.1 eV. 3, [7] [8] [9] [10] [11] The most commonly cited measurement on optical absorption is that of Tansley and Foley; 12) they reported band gap energy of 1.89 eV at room temperature.
In the late 1980s, improvements in growth techniques have made it possible to obtain single-crystalline InN. Single-crystalline InN was reported by Matsuoka et al. 13) for the first time in 1989 using metalorganic vapor phase epitaxy (MOVPE). Subsequently, several efforts 14, 15) were made to improve the qual- is dominant when they are grown at lower 
Two-step growth
To In polarity. 34) This result is consistent with that of a GaN decomposition experiment by an in situ gravimetric monitoring (GM) method using free-standing GaN (0001), in which the etch- 
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Improvement of Crystal Quality
Growth temperature
We carefully controlled growth temperature and monitored the corresponding Raman scattering spectra to improve the crystalline quality of InN. The raman spectra obtained are shown in , respectively.
25)
The peak positions and FWHM of dominant E2 (high-frequency)-phonon-mode peaks are summarized in Table II . The dependence of peak position on growth temperature may be due to the difference in residual stress between the films. An FWHM as narrow as 3.7 cm -1 for the E2 (high-frequency)-phononmode peak was obtained for the film grown at 550ºC. This FWHM is the narrowest value ever reported for InN films. 25) These results indicate that the crystalline quality was improved by increasing the growth temperature within the dissociation limit of InN. Intensity (arb. units) Fig.12 . Raman spectra for InN fi lms grown at 550ºC, 530ºC, 520ºC, 500ºC and 460ºC. The room-temperature PL spectra of a 250-nm-thick film grown with precisely controlled temperatures, as described in §3.1, are shown in Fig.18 . Here, Ar + laser at 514. 
Low temperature intermediate layer
Characterization
Here, we summarize the crystallographic, electrical, and optical properties of 1.5-µm-thick InN layers. For crystallographic characterization, the ω -scan X-ray diffraction rocking curve (XRC) and ω -2θ scan XRD results were used. A typical XRC is shown in Fig.15 .
The FWHM of this curve is 236.7 arcsec. InN films grown in this study.
The optical absorption of InN grown at 550ºC was also studied at room temperature.
The optical absorption coefficient squared versus the photon energy is shown in Fig.20 .
All of these results obtained by optical measurements suggest that the fundamental band gap of the high-quality single-crystalline InN grown by RF-MBE is approximately 0.8 eV at room temperature. This supports the most recent proposal [21] [22] [23] [24] [25] that the fundamental band gap is about 0.8 eV, which is much lower than the commonly accepted value of 1.9
eV.
The InN samples grown in this study were sent to UC Berkeley so that their optical properties could be characterized by optical absorption, PL, and photo-modulated reflectance techniques. The results were essentially the same as those presented in this paper. 24) Measurements by infrared spectroscopic ellipsometry and micro-Raman scattering were also used to study the vibrational and electronic properties of the high-quality InN obtained in the study. Combining the results of the ellipsometry data analysis with those of the Hall-effect measurement, the isotropically averaged effective electron mass in InN is 0.14 m0.
38)
InGaN Growth and Characterization
InGaN films with the entire alloy composition were grown on (0001) sapphire substrates at 550ºC by RF-MBE after a low-temperature buffer layer was grown at 280ºC. Because of the slow atom migration at low temperature, complete equilibrium might not have occurred during growth. In addition, the thermodynamical calculations by Kangawa et al. 41) showed that the mixing enthalpy to infrared (0.8 eV), which correspond to the wavelength used for optical communications. 
